1.. INTRODUCTION {#sec1}
================

Stem cells have the ability to renew and differentiate into various tissues such as bone as part of bone tissue engineering ([@ref1]). Several sources of mesenchymal stem cells (MSCs) are human amniotic MSCs (hAMSCs) within the amniotic membrane and human umbilical cord MSCs (hUC-MSCs) derived from the umbilical cord. The advantage of hAMSC and hUC-MSCs is due to non-invasive and lack of morbidity during procurement process. In addition to ease of access, hUC-MSC is plentiful, easily reproduced and possesses high levels of immunocompatibility ([@ref2]). Both hAMSCs and hUC-MSCs features a more primitive cell with the ability to differentiate into distinct, multipotent, and capable of repairing and differentiating into osteoblast ([@ref3]). Recently, hUC-MSCs is being considered a conventional source. We are on our way to explore hAMSCs as an alternative for a better osteogenic potential.

Mesenchymal stem cells expressed CD90, CD105 and CD73 surface marker ([@ref4]). hAMSCs have shown a larger population and more promising, 70-97% had a CD73 and 6--8% expressed CD105 ([@ref5], [@ref6]) compared to hUC-MSCs which had more than 95% of CD73, CD90 and 7.5% of CD 105.([@ref7], [@ref8]) However, it is significantly influenced by cell passage. CD105 of hAMSCs reached its maximum 10% after passage 1, but after passage 4, fell down to 2%. CD73 remained stable in many passage ([@ref5]). hUC-MSCs CD105 marker also decreased in passage 4-8 ([@ref9]). hUC-MSCs showed increased activity of alkaline phosphatase and mineralization in passage 5-8 ([@ref10]) attempts to isolate MSCs from umbilical cord blood (UCB). Both of amnion and umbilical cord-derived MSCs of canine model, showed poor osteogenic differentiation at early passage ([@ref11]). However, the osteogenic differentiation potential of hAMSCs based on specific passage has not been widely studied.

Expansion of hAMSCs is possible until passage 5 without any morphological changes ([@ref12]). Some studies kept the cells in culture for 15-20 passages before reaching senescence ([@ref13], [@ref14]). Having the same condition, the hUC-MSCs expansion could be maintained from passage 1-18 ([@ref7]). Late passage should be avoid because risk of cell senescence.

Alizarin Red staining detected osteoblastic differentiation in hAMSCs and hUC-MSCs ([@ref15], [@ref16]). Runt-related transcription factor 2 (RUNX2) is an early stage osteoblastic differentiation marker which important in osteogenesis.([@ref17]). Both hAMSCs and hUC-MSCs expressed RUNX2 ([@ref18], [@ref19]), but which one is more superior, remain unclear.

2.. AIM {#sec2}
=======

This research aimed to explore CD90, CD105 and CD73 phenotype characteristics of hAMSCs and hUC-MSCs at various passages and determine the most appropriate passage. Osteogenic differentiation potential between hAMSCs and hUC-MSCs then compared by Alizarin red staining and RUNX2 expression examination.

3.. METHODS {#sec3}
===========

This is an *in vitro* laboratory-based experimental study using hAMSCs and hUC-MSCs of a healthy woman in her 38^th^ weeks of pregnancy. It was granted ethical approval by The Research Ethics Committee, Dr. Soetomo General Hospital, Surabaya. The isolation procedure was performed using stem cell laboratory protocols at the Stem Cell Research and Development Centre, Airlangga University.

3.1.. Isolation of hAMSCs {#sec3-1}
-------------------------

Human Amnion Membrane (hAM), was cut into sections and placed into a tube containing 0.25% Trypsin (Gibco BRL, Gaithersburg, MD, USA) then incubated. The solution was removed and replaced with 0.75 mg/ml Collagenase Type IV (Sigma-Aldrich, St. Louis, MO, USA) and 0.075 mg/ml DNase I solution (Takara Bio, Shiga, Japan). Pellet obtained was added to Dulbecco's Modified Eagle's Medium (DMEM)/Hams's F-12 (1:1) (Gibco BRL, Gaithersburg, MD, USA). A medium containing cells was then incubated. Cell growth was observed daily, the medium being replaced every three days, on reaching confluence, passage was also performed.

3.2.. Isolation of hUC-MSCs {#sec3-2}
---------------------------

The section of umbilical cord was cut about 1 cm and placed in a tube containing 0.25% Trypsin. Samples were immersed in Phosphate Buffered Saline (PBS) (1X, pH 7.4), containing 0.75 mg/ml of Collagenase Type IV and 0.075 mg/mL DNase I then incubated. Filtering was carried out using a cell strainer. Pellets were suspended in DMEM. A medium containing cells was then incubated. Replacement of the medium was performed every three days, with passage being carried out after confluence had occurred.

3.3.. Flow cytometry Phenotypic Characterization {#sec3-3}
------------------------------------------------

Characterization of hAMSCs and hUC-MSCs phenotype was performed by means of flow cytometry. In passage 4-7, MSCs were seeded in well with Alpha Minimum Essential Medium (αMEM) (Sigma-Aldrich, St. Louis, MO, USA). Afterwards, were fixed with 10% formaldehyde and incubated using the Human MSC Analysis Kit (BD Bioscience, USA) with the addition of a CD90, CD105 and CD73 and negative CD45 cocktail primary antibodies. The primary antibody was labeled using Fluorescein isothiocyanate (FITC)-conjugated goat anti-mouse antibody (Sigma-Aldrich, St. Louis, MO, USA). The cells were then viewed and analyzed by Fluorescence Assisted Cell Sorting (FACS) Calibur flow cytometer (BD Bioscience, USA).

3.4.. Osteogenic Potential Examination {#sec3-4}
--------------------------------------

### 3.4.1.. Alizarin Red Staining. {#sec3-4-1}

The culture of hAMSCs and hUC-MSCs used in this study was in passage 5. Cells were cultured on a microplate containing osteogenic medium, consisting of αMEM media to which was added 50 μM of ascorbate phosphate (Sigma-Aldrich, St. Louis, MO, USA), 10 μM of glycerol phosphate (Sigma-Aldrich, St. Louis, MO, USA) and 0.1 μM dexamethasone (Sigma-Aldrich, St. Louis, MO, USA). The control group was inserted into a petri dish containing α-MEM. The hAMSCs and hUC-MSCs suspensions were implanted into microplate at a density of 2x10^6^ cells/cm^2^ before an osteogenic medium was added. The medium was changed every three days. After 21 days of duration, the medium was eliminated and fixed using 10% formaldehyde. Alizarin red solution (Calcified Nodule Staining Kit, Cosmo Bio Co., Ltd., Tokyo, Japan) was added. Cell observations were performed by a 100x magnification inverted Nikon microscope (Nikon Metrology NV., Japan). Differentiated cells containing calcium mineral deposits, characteristic of osteoblast, would be colored red. The percentage of positive alizarin red-stained cells was expressed as mean ± standard deviation.

### 3.4.2.. Immunocytochemistry {#sec3-4-2}

In passage 5, RUNX2 expression of hAMSCs and hUC-MSCs was examined. Cell suspensions were implanted into a microplate at a density of 2x10^6^cells/cm^2^. A primary RUNX2 antibody (Abcam, Cambridge, MA, USA) and then biotinylated goat anti-polyvalent (Abcam, Cambridge, MA, USA) was added to the solution. Furthermore, streptavidin peroxidase (Abcam, Cambridge, MA, USA) was added also. One drip of 3,3' Diaminobenzidine (DAB) (Sigma-Aldrich, St. Louis, MO, USA) Plus chromogen was added to 2 ml of 3,3' DAB Plus Substrate, mixed and deposited into the cells and then incubated. Fluorescence microscope examination was performed and image processing was done by ImageJ (LOCI, University of Wisconsin).

3.5.. Data Analysis {#sec3-5}
-------------------

The data obtained was presented in the form of average value and standard deviation. The data underwent statistical analysis using R Version 3.4.0. statistics software (GNU, Auckland, New Zealand). A value of *p* \< 0.05 were considered statistically significant.

![CD90, CD105, CD73 of hAMSCs Flow Cytometry. (A) Passage 4; (B) Passage 5; (C) Passage 6; (D) Passage 7.](AIM-27-72-g001){#fig1}

![CD90, CD105, CD73 of hUCMSCs flow cytometry. (A) Passage 7; (B) Passage 5; (C) Passage 6; (D) Passage 7](AIM-27-72-g002){#fig2}

4.. RESULTS {#sec4}
===========

4.1.. hAMSCs and hUC-MSCs Phenotype Characteristics. {#sec4-1}
----------------------------------------------------

Flow cytometry result can be seen on [Figure 1](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"}. Comparison of hAMSCs and hUC-MSCs phenotype characteristics on each passage shown on Figure 3.

Based on [Table 1](#table1){ref-type="table"}, Mean of CD90 expression in hUC-MSCs was higher in passage 4-7 than in hAMSCs. Meanwhile, the number of CD105 hUC-MSCs was higher than hAMSCs in passage 4-6, whereas in passage 7, CD105 hAMSCs was almost the same as hUCSMCs. The number of CD73 hUCMSCs in passage 4 and 5 was higher than hAMSCs, but in passage 6 and 7 hAMSCs were more numerous than hUC-MSCs.

In passage 5, there was a decrease in the number of CD90, CD105 and CD73 in hAMSCs and hUCMSCs but in passages 6 and 7 it began to increase, although the number of each CD was not as high as in passage 4.

4.2.. Osteogenic Potential of hAMSCs and hUC-MSCs {#sec4-2}
-------------------------------------------------

The microscopic view of the Alizarin red staining can be seen on [Figure 4](#fig4){ref-type="fig"}. [Figure 5](#fig5){ref-type="fig"} showed percentage of alizarin red-stained cells on hAMSC was 77.3 ± 18.14 % and 75.75 ± 16.08 % on hUC-MSCs.

Calcific Deposition by Cells of an Osteogenic Lineage was Stained Red. (A) Control hAMSCs. (B) Differentiated hAMSCs. (C) Control hUC-MSCs and (D) Differentiated hUC-MSCs.

P value of data analysis process was 0.713. No significant difference existed between the osteogenic differentiation of hAMSCs and hUC-MSCs within the Alizarin red examination as shown on [Table 2](#table2){ref-type="table"}.

Fluorescence microscope photograph of the RUNX2 expression can be seen on [Figure 6](#fig6){ref-type="fig"}. The highest expression was found in hUC-MSCs with mean value 6.25 ± 0.82 while in hAMSCs with the mean value 4.70 ± 0.18 relative to control. The expression was counted and shown in [Table 2](#table2){ref-type="table"}.

###### Flow cytometry CD90, CD105 and CD73 comparison for hAMSCs and hUC-MSCs.

  Passage   CD      hAMSCs   hUC-MSCs
  --------- ------- -------- ----------
  4         CD90    28.78    80.48
            CD105   36.95    86.33
            CD73    44.41    84.34
  5         CD90    8.79     23.53
            CD105   6.88     17.83
            CD73    11.69    34.07
  6         CD90    19.63    53.98
            CD105   27.84    30.79
            CD73    74.24    54.67
  7         CD90    21.9     40.08
            CD105   20.96    20.25
            CD73    59.18    41.14

###### Osteogenic differentiation of hAMSCs and hUC-MSCs on alizarin red staining and RUNX2 expression examination.

  -------------------------------------------------------------------------------------
  hAMSCs hUC-MSCs p value
  Percentage positive alizarin 77.3 ± 18.14 % 75.75 ± 16.08 % 0.713 red-stained cells
  RUNX2 expression 4.70 ± 0.18 6.25 ± 0.8 0.022 relative to control
  -------------------------------------------------------------------------------------

![Osteogenic Differentiation as Demonstrated by Alizarin Red staining.](AIM-27-72-g003){#fig4}

Data analysis was conducted and found that p value = 0.022, indicating significant differences in the RUNX2 expression of hAMSCs and hUC-MSCs. The RUNX2 expression of hUC-MSCs was higher than that of hAMSCs can be seen on [Figure 5](#fig5){ref-type="fig"}.

5.. DISCUSSION {#sec5}
==============

Based on our study, Both of hAMSCs and hUC-MSCs showed therapeutic potential because they expressed CD90, CD105 and CD73 ([@ref20]) and it shows applications to numerous incurable diseases. hMSCs show several superior properties for therapeutic use compared to other types of stem cells. Different cell types are discussed in terms of their advantages and disadvantages, with focus on the characteristics of hMSCs. hMSCs can proliferate readily and produce differentiated cells that can substitute for the targeted affected tissue. To maximize the therapeutic effects of hMSCs, a substantial number of these cells are essential, requiring extensive ex vivo cell expansion. However, hMSCs have a limited lifespan in an in vitro culture condition. The senescence of hMSCs is a double-edged sword from the viewpoint of clinical applications. Although their limited cell proliferation potency protects them from malignant transformation after transplantation, senescence can alter various cell functions including proliferation, differentiation, and migration, that are essential for their therapeutic efficacy. Numerous trials to overcome the limited lifespan of mesenchymal stem cells are discussed. Level of CD90, CD105 and CD73, both of hAMSCs and hUC-MSCs, were variable in each passage. Our results are similar to previous study that cell passage affected the cell phenotype ([@ref21]).

![(A) Percentage of Positive Alizarin Red-stained Cells of hAMSCs and hUC-MSCs (%); (B) RUNX2 Expression of hAMSCs and hUC-MSCs Relative to Control. Data Presented as Mean ± SD (n=15)](AIM-27-72-g004){#fig5}

![Immunocytochemistry Photographed of RUNX2 Expression by Fluorescent Microscope. (A) Control hAMSCs, (B) Differentiated hAMSCs, (C) Control hUC-MSCs, (D) Differentiated hUC-MSCs.](AIM-27-72-g005){#fig6}

Highest CD90 expression was found in passage 4, while the lowest was in passage 5. Decreasing numbers of CD90 will result in a reduction in CD166 and reflects low pluripotency. A decreasing level of CD90 will also result in increased osteogenic differentiation which is marked by an increase in calcium mineral deposits on Alizarin red examination. A low CD90 count also plays an important role in enhancing MSC differentiation in vitro ([@ref22]).

Endoglin (CD105) is a Transforming Growth Factor Beta (TGF-β) receptor III that important in TGF-β signaling during MSC chondrogenic differentiation. Low expression of CD105, as in passage 5, will increase both osteogenic differentiation *in vitro* and *in vivo*. CD105 also shows that it activates the function of TGF-β1 which serves as an inhibitor of osteogenic differentiation of MSCs ([@ref23]).

The highest CD105 expression of hUCMSCs was found in passage 4 and decreased in passages 5-7. The lowest hAMSCs CD105 was revealed in passage 5, while the other passages were almost identical. This is consistent with previous study suggesting that CD105 expression decreased in passages 3-5 ([@ref24]). A higher CD73 count will also increase chondrogenesis, but during the fibroblasts osteogenic differentiation process, the CD73 count will decrease ([@ref25]). Moreover, absence of CD73 expression relative to control during osteogenesis was showed by Western blot analysis ([@ref26]).

The highest levels of CD73, CD90 and CD105 hUC-MSCs were found in passage 4 and lowest in passage 5. This was in line with studies involving animal (canine) umbilical cords on which were performed serial passages, from passages 1-5, confirming that cell growth increased in passage 4 and then decreased in passage 5 ([@ref24]). This result is contrary to study by Gong *et al*which hUC-MSCs exhibited similar phenotype characteristics from passage 0-15 ([@ref27]).

We determined passage 5 as an appropriate passage based on positive but lowest CD73, CD105 and CD90 both of hAMSCs and hUC-MSCs. It supported by Bilic *et al* study, In passage 0 and 1, hAMSCs expressed CD73 \>92% and CD90 \> 95%, showed weak insignificant osteogenic differentiation, only less than 10% of cultured stained positive for Alkaline phosphatase (ALP) ([@ref12]). In passage 5, hUC-MSCs cultured displayed osteogenesis capacity *in vivo*([@ref28]) and hAMSCs showed no morphological change ([@ref12]).

Human amnion MSCs expressed embryonic markers such as stage specific embryonic antigen SSEA-3 and SSEA-4 by flow cytometry and octamer-binding protein Oct-3/4 by immunocytochemistry, in passage 0-1 and gradually decreased over passage 4 ([@ref12]). Umbilical cord MSCs showed SSEA-4 and Oct-4 on cell culture in passages 1-3 ([@ref29]). Replicative senescence was showed by hAMSCs in passages 18-22 and hUC-MSCs over passage 15 ([@ref13], [@ref30]). Therefore, appropriate passage in our study (passage 5), is less pluripotent, having lower risk of malignant transformation and provided good proliferative capacity.

Ostoegenic differentiation of MSC is observed through the presence of mineral nodules on alizarin red staining ([@ref31]). This study examined hAMSCs and hUC-MSCs, proving that both were positive for alizarin red, with no significant difference statistically. Therefore, both ingredients were confirmed as having the same osteogenic potential.

The important factor in early osteogenesis is RUNX2 as major transcription factors that regulate osteoblasts and ostegenic differentiation in MSC. Experiments on rats lacking RUNX2 revealed limitations on MSC differentiation to osteoblasts ([@ref32]). In our study, hAMSCs and hUC-MSCs in passage 5 showed expression of RUNX2 which indicated the differentiation of osteoblast. However, the results of statistical analysis revealed that hUC-MSCs expressed RUNX2 to a greater extent compared to hAMSCs. Osteogenic differentiation potential of our MSC was consistent with study by Shen *et al* that hAMSCs and hUC-MSCs showed intensive alizarin red staining and increased osteoblast protein marker (ALP, osterix, collagen I, osteocalcin and RUNX2) ([@ref33]).

6.. CONCLUSION {#sec6}
==============

Both hAMSCs and hUC-MSCs had phenotype characteristics of MSCs. Passage 5 considered as appropriate passage because by having the lowest CD90, CD105 and CD73 expression. hAMSCs and hUC-MSCs had osteogenic differentiation potential. However, RUNX2 expression in hUC-MSCs was higher than hAMSCs.
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